INTRODUCTION
The 1991 Gulf War was one of the shortest large-scale confl icts in military history. Although morbidity rates during the war because of combat as well as disease and nonbattle injuries were lower than in previous major confl icts, 1 soon after the war many veterans began reporting symptoms and illnesses they attributed to exposures during the war. [2] [3] [4] The 1990s were clouded with health concerns over environmental exposures stemming from the war prompting the Department of Veterans Affairs (DVA) to initiate the Gulf War Registry Health Examination on November 4, 1992 , and the Department of Defense (DoD) to initiate the Comprehensive Clinical Evaluation Program on June 7, 1994. [5] [6] [7] [8] [9] [10] [11] These health registries gave systematic medical evaluations to over 100,000 of the 697,000 U.S. military personnel who served in the Gulf. 12 Nearly 1 billion dollars would be spent conducting research over the next decade trying to understand and answer veteran concerns.
Many studies attempted to retrospectively assess exposure and health outcomes through self-report. [13] [14] [15] [16] [17] [18] [19] These crosssectional and retrospective self-report assessments reported concurrently with health outcomes were limited by selfselection to participate and recall of exposures and outcomes and reporting of these simultaneously. Misclassifi cation of exposure and disease was an inescapable bias, and it was often diffi cult to ascertain if there were a differential or nondifferential impact on the study results. A nondifferential bias would reduce effect sizes toward the null and determine no association when one truly existed, whereas differential misclassification would affect the effect size in either direction, possibly establishing a statistically signifi cant association when one did not truly exist. These limitations further eroded confi dence in the research fi ndings that were being reported.
In an attempt to understand exposure in an objective and prospective way, the U.S. Army Center for Health Promotion and Preventive Medicine (now the U.S. Army Public Health Command) launched a monumental exposure assessment effort soon after the end of the 1991 Gulf War. The effort was conducted to document the potential exposure of service personnel to smoke resulting from the Kuwait oil well fi res set ablaze by retreating Iraqi forces. [20] [21] [22] Another objective exposure assessment, similarly as diffi cult, was the retrospective assessment of possible exposure to nerve agents inadvertently destroyed at the sprawling weapons depot at Khamisiyah, Iraq. 23, 24 These exposure assessment efforts were large and unique in that they leveraged meteorological modeling, plume dispersion science, and troop unit location data with Geographic Information System technology to estimate potential exposure and dose at the unit level. Though they represented quite an advance in population exposure assessment, these data lacked a key element that would allow the understanding of exposure at the individual level.
Studies conducted in the 1990s utilized innovative new approaches including leveraging advanced statistical and survey methods, newly available electronic hospitalization data, and never-before conducted exposure assessment; however, signifi cant limitations to the inferential capability of these studies remained. First and foremost, the lack of baseline health data was a signifi cant hurdle that none of the studies could overcome. Additional gaps included a lack of hospitalization studies to assess health outcomes in Reserve and National Guard members or those members separated from military service where access to the military health care
Linking Exposures and Health Outcomes to a Large PopulationBased Longitudinal Study: The Millennium Cohort Study system was not possible; an inability to control for important health-related behaviors such as tobacco and alcohol use; exposure data were not at the individual level and were limited to Khamisiyah and the Kuwaiti oil well fi re smoke assessments; electronic vaccination, pharmaceutical, and outpatient data were limited; and the survey data were limited by assessment of exposures and health outcomes many years after the war. The DoD, recognizing many of the limitations to this research, initiated a series of efforts in an attempt to establish accessible data that would be capable of answering future concerns of military members. By the end of the 1990s, tri-service inpatient and outpatient data (both at military treatment facilities and care billed to the DoD from private providers) were being aggregated in large electronic databases; the DoD Birth and Infant Health Registry was established 25 ; the DoD Serum Repository (DoDSR) was available for linkage and research 26 ; personnel data, including demographic and occupational characteristics, were available; and routine collection of vaccination data began with the anthrax vaccination efforts. [27] [28] [29] [30] Highlights of the fi rst decade of the new millennium included a database to track DoD pharmacy transactions, a more robust contingency tracking system, 31 initiation of Pre-and Post-Deployment Health Assessment (DHA) screening, [32] [33] [34] and the launch of the largest prospective cohort study in military history, the Millennium Cohort. [35] [36] [37] This article briefl y describes existing DoD data sources and summarizes the Millennium Cohort Study and the potential for linking these data.
DoD DATABASES
Defense Enrollment Eligibility Reporting System (DEERS) DEERS is the central source for personnel information that includes determination of medical benefi ts eligibility, dates of service, demographics, and military occupation and location variables. In addition, DEERS includes the military's central immunization database.
Standard Inpatient Data Record (SIDR)
The SIDR contains 1 record for each inpatient encounter for care at all DoD hospitals worldwide, with up to 20 International Classifi cation of Diseases, 9th Revision, Clinical Modifi cation (ICD-9-CM) discharge diagnoses. These fi les contain historical data dating from October 1988.
Standard Outpatient Data Record (SADR)
The SADR contains 1 record for each outpatient encounter for care at all DoD hospitals and clinics, with up to 4 ICD-9-CM diagnoses. These fi les contain historical data from November 1996.
TRICARE Encounter Data (TED)
Previously known as the Health Care Service Record, TED (institutional and noninstitutional) contains 1 record for each health care encounter (inpatient or outpatient) from civilian providers; care is covered by the DoD insurance system, TRICARE. These fi les contain historical data from October 1993.
Pharmacy Data
Mandatory reporting began in 2000 and resulted in a DoDcentralized electronic pharmaceutical dispensing database from the Pharmacy Data Transaction Service. This database captures mandatory reported data from all military medical treatment facilities worldwide, civilian retail pharmacy networks, and the TRICARE Mail Order Pharmacy network.
DoD Birth and Infant Health Registry
The DoD Birth and Infant Health Registry captures comprehensive health care data to defi ne live births and infant health outcomes among more than 90,000 infants born to military families each year. 25 With nearly 1 million infants in this registry, there is considerable power to conduct robust research, even on the rarest birth outcomes.
Pre-and Post-Deployment Health Assessments
In response to Public Law 105-85 enacted by the U.S. Congress, the DoD established routine pre-and postdata collection on all service members before deployment and upon their return. 32 Pre-DHA and Post-DHA questionnaires, also known as Department of Defense Forms 2795 and 2796, have been used to gather these data since 1998. 33 The PostDeployment Health Reassessment was initiated in 2006 to conduct a reassessment 6 to 9 months after returning from deployment.
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Recruit Assessment Program
The Recruit Assessment Program, launched in June 2001 at the Marine Corps Recruit Depot in San Diego, California, was designed to collect survey-based health and behavioral data from west coast Marine recruits at the time of service entrance.
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DoD Serum Repository
The DoDSR is a central archive of sera drawn from service members for medical surveillance purposes. 26 To date, there are over 50 million specimens that date back to the 1980s from more than 9 million service personnel included in the repository.
Defense Medical Surveillance System (DMSS)
The Armed Forces Health Surveillance Center (AFHSC) was established by the Deputy Secretary of Defense in 2008 to provide a central repository of DoD health surveillance data sets and programs including the DoD Global Emerging Infections Surveillance and Response System (GEIS) and the DMSS. 26 The AFHSC produces a Medical Surveillance Monthly Report (MSMR) allowing the effi cient dissemination of medical surveillance information of interest to the military public health community.
Immunization Data
Beginning in 1998 with the tri-service Anthrax Vaccine Immunization Program, 27 vaccination data have been maintained by DoD. Data include dates and location of vaccines given to military members, number of doses in the primary series, and annual booster dose information.
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Deployment Data
The Defense Manpower Data Center maintains a database for all contingency-related deployments and includes information regarding country location code, and start and end dates for each deployment. 31 Service members are identifi ed as having deployed by being reported directly from personnel offi ces of the service branches or based on having received imminent danger pay, hardship duty pay, or combat zone tax exclusion benefi ts.
The Millennium Cohort Study
The Millennium Cohort Study was designed in the late 1990s in response to gaps in research conducted in an attempt to answer veteran and public concern regarding the1991 Gulf War. [35] [36] [37] The population-based Cohort was envisioned to collect self-reported data to complement the growing number of electronic DoD health and personnel databases. In addition, this Cohort was established to fi ll known gaps in research capabilities such as collecting data on Reserve and National Guard members, service members separated from military, baseline predeployment health, and behavioral health such as smoking and alcohol use that may infl uence health outcomes. The Cohort was constructed to prospectively assess long-term health in all branches of the U.S. Armed Forces and include active duty, Reserve, and National Guard members, and follow Cohort members while in and even after separation from military service. All participants enrolled in the study are followed and surveyed at 3-year interval periods. Currently, the Cohort is composed of approximately 150,000 members who will be resurveyed again in 2010-2011 (and every 3 years afterwards through 2021) and will include an additional enrollment panel of approximately 60,000 members and 10,000 spouses. More information on the design and conduct of this Cohort study is available in previously published articles. [35] [36] [37] With nearly a decade of research conducted with this Cohort, deployment-related investigations of mental and physical health conditions have been completed, including major depression, 39, 40 anxiety disorders, 39 post-traumatic stress disorder (PTSD), 39, [41] [42] [43] [44] [45] eating disorders and weight change, 46 alcohol misuse, 47 cigarette smoking, 48 hypertension, 49 respiratory conditions, 50 diabetes, 51 sleep, 52 and mortality. 53 Unique to these efforts is the ability to conduct this research at a population level while including all services, active duty, Reserve, and National Guard members while serving as well as after military service.
Multiple standardized instruments are included in the questionnaire: the PTSD Checklist-Civilian Version to assess PTSD symptoms 20 ; the Patient Health Questionnaire to assess depression, panic, other anxiety, eating disorders, and alcohol-related problems [54] [55] [56] [57] ; the Medical Outcomes Study Short Form 36-Item Health Survey for Veterans to assess perceived functional health (mental and physical) 58 ; and potential alcohol dependence assessed using the CAGE questionnaire. 59 Standardized instruments included in the questionnaire have been found to be internally consistent and reliable using Cronbach's alpha and thus indicating an appropriate measurement tool for this population. 60 Exposure assessment is an important component of the Millennium Cohort Study and allows for hypothesis testing as well as controlling for confounding that may distort research conclusions. In addition to medical outcome and mental health metrics, the questionnaire assesses alcohol use, tobacco use, complementary and alternative therapies, body mass index, physical activity, sleep, and dietary supplement use. Personal and family stressors are assessed including changes in residence or job, suffering sexual or physical assaults, and death or severe illness of family members, among others. Through a modest assessment of the continuum of potential occupational exposures, the questionnaire also assesses: service and postservice occupations 61 ; anthrax and smallpox vaccination [62] [63] [64] ; occupational exposures including assessment of jobs requiring protective equipment, routine skin contact with paint and/or solvents, microwaves, and pesticides ( Table I ) ; military-unique occupational exposures, including witnessing a person's death because of war, disaster, or tragic event, witnessing instances of physical abuse, seeing dead or decomposing bodies or prisoners of war, or being exposed to or provided with countermeasures for chemical/biological/radiological warfare agents or depleted uranium ( Table II ) ; and deployment dates and locations ( Table III ) . On the most recent instruments, questions that ascertain specifi c military deployment-related exposures have been added including feeling in danger of being killed, being attacked or ambushed, receiving small-arms fi re, clearing homes or buildings, having an improvised explosive device explode nearby, being wounded or injured, seeing or handling human remains, knowing someone seriously injured or killed, having members in one's unit seriously injured or killed, and being directly responsible for the death of noncombatants or enemy combatants ( Table IV ) . Though the Cohort began with approximately 1 person enrolling for every 3 contacted, 35, 37 Cohort members stay engaged. Approximately 80% of participants who enrolled as part of the fi rst 2 enrollment cycles have completed at least 1 follow-up survey. Representativeness of the Cohort to the entire military population has been investigated and suggests a reliable reporting Cohort that is reasonably generalizable. 31, 35, 37, 39, 44, [60] [61] [62] [63] [64] [65] [66] Linking Data Large DoD populations with centralized data repositories allow for effi cient and cost effective research approaches along with the samples sizes necessary to test study hypotheses. However, access to these data is not achieved readily as DoD data are protected because of the sensitive nature and often including Personally Identifi able Information (PII) and Protected Health Information (PHI). The actual linking of these large and complex data sets is in general, easily accomplished by linking individual identifi ers across data platforms. The real-time constraints involve securing approvals for acquiring these data and linking is secondary to necessary human use and ethics approvals. Data Use Agreements, Memoranda of Understanding, and Joint Research Agreements are just a few of the potential agreements necessary to be in place before data linking. Often, researchers may save considerable time by requesting de-identifi ed data sets, though this may not be practical in all settings.
Data available on military populations offer unique challenges but also signifi cant opportunity to answer questions of concern to veterans and DoD. Used individually, examples of how these data sets may allow questions to be answered include: healthcare utilization by region, military treatment facility, or clinic; utilization by medical diagnostic coding; utilization of prescription drugs 67 ; administration of vaccines; and demographic and occupational characteristics in the military over time. In isolation, these data sources are useful, when joined they become invaluable. When combined, these data allow construction of denominators and identifi cation of control populations critical to conduct research of exposures and outcomes. Examples of linking and leveraging these centralized data include: investigating hospitalizations postdeployment (linking inpatient, personnel, and deployment data), [68] [69] [70] [71] vaccine safety as measured by health care utilization postvaccination (linking vaccine, inpatient, personnel, and deployment data), [28] [29] [30] 72 birth outcomes potentially associated with vaccine or deployment (linking the birth and infant health registry, vaccine, and/or deployment data), 65, [73] [74] [75] hepatitis E seroprevalence and seroconversion among U.S. military service personnel deployed to endemic countries such as Afghanistan (linking personnel, deployment, and DoDSR data), 76 and other important health concerns potentially linked to military Early Millennium Cohort data linkages focused on testing the reliability of self-reporting by linking to DoD electronic vaccine, healthcare, deployment, and occupation data while also linking to demographic and other occupational data to highlight differences in population reporting reliability. 31, 61, 63, 65, 66 Linking to mortality data allowed for investigation of mortality ascertainment between the National Death Index, Social Security Administration Death Master File, DoD Medical Mortality Registry, and DVA mortality data sets, and is facilitating a unique effort to investigate an 8-year prospective study of suicide in this large cohort during a period of high operational tempo. 53 Prospective Cohort data have been linked to demographic, deployment, and occupation data to understand potential short-term effects of deployment and reported symptoms. Follow-up of reported increases in hypertension and respiratory symptoms after deployment will allow for understanding transient or long-term implications of symptoms. 49, 50 Follow-up of increased reporting of mental health symptoms in subsets of deploying forces will allow for an understanding of persistent, chronic, or episodic nature of the symptoms. 40, 45 Linking of the many available DoD data sets to the Millennium Cohort allows for understanding of health implications of combat deployments that has not been possible before.
Currently, analyses are underway to link military health system data, deployment to bases with known open air burn pits, and Millennium Cohort Study data. This effort will be the fi rst to investigate self-reported and ICD-9 assessed health outcomes and symptoms among service members deployed to several large bases with known burn pits while controlling for baseline health and behaviors.
DETERMINATION OF SUCCESS
The way forward for successful occupational and environmental research investigations will include real-time monitoring of service members' exposures in deployment environments that will facilitate quick identifi cation and prevention of exposure while not limiting or hindering the military mission. Advances in biomonitoring technology will allow postexposure assessment of whether contact with the hazard or exposure resulted in signifi cant markers of exposure or health effects and will allow for monitoring health outcomes potentially linked to the exposure. This approach requires a small logistical footprint, command support for monitoring in operational settings, and funding for personnel and equipment. The exposure monitoring equipment will have to be issued, the data collected, and the data downloaded to the DOEHRS database. Retrospective self-reported assessment of exposure is a viable option if designed in a way such that exposures and health outcomes are not collected simultaneously. New efforts should investigate the possibility of a standard exposure assessment tool that is responsive to the potentially unique set of occupational settings and exposures that the U.S. Armed Forces may encounter. This tool may be constructed to be service specifi c though designed with the ability to crosswalk exposure assessment across service branches. Yearly assessment and/or postdeployment assessment should be considered, and systematic data fl ow to a central DoD data repository should be considered. In this way, prospective and historical prospective investigations of exposure and subsequent health outcomes may be conducted while limiting simultaneous exposure and health outcome assessment.
Determining success may only be practical in retrospective assessment of what we have done collectively as a community toward understanding the health of our service members. However, a plan for objectives to be met and priority setting should be conducted at high levels of the DoD and DVA, and those needs and priorities should be presented to DoD and DVA researchers in organized and systematic approaches. Organizational integration both between the DoD and DVA and within departments should be encouraged to more effi ciently assess and leverage existing capabilities and to identify gaps. The balance of focus on short-and longterm goals should be weighed and efforts to address both should be coordinated at high levels of the DoD and DVA to effectively address prioritized objectives across the continuum of health outcomes during and after military service. It is through insightful vision of where we need to progress to, and collegiate collaboration between service branches, academia, private industry, and between the DoD and DVA that research of environmental exposures will advance to the level of offering credible answers to our service personnel.
